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Abstract 
FeSix films were deposited on Si (100) substrates using RF sputtering at room temperature and at 300°C. After deposition, 
FeSix films were annealed at 400-900°C in Ar ambient. XRD measurements revealed that the FeSix films deposited at R. T. for 
30 min were completely transformed to ȕ-phase due to annealing at 900°C for 1 h. On the contrary, the FeSix films deposited at 
300°C for 30 min contained both İ-FeSi and ȕ-FeSi2 after annealing at 900°C for 1 h. The FeSix films deposited at 300°C for 3 
min were completely transformed to ȕ-phase due to annealing at 800°C for 1 h. For the FeSix films deposited at 300°C for 30 min, 
İ-FeSi transformed to ȕ-FeSi2 in RF-sputtered films due to long time annealing of 10 h. It can be concluded that high-temperature 
and long-time annealing is necessary for the İ-FeSi bonds in the FeSix films to decompose and for the Fe atoms to be diffused 
into Si substrates leaving only ȕ-phase FeSi2 in the films. 
© 2010 Published by Elsevier B.V. 
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1.  Introduction 
Semiconducting ȕ-FeSi2 has been attracting attention as a candidate for silicon based optoelectronic materials. ȕ-
FeSi2 is a promising material for thin film solar cells due to its light absorption coefficient of 105 cm-1 at the photon 
energy of 1.0 eV which is larger than that of Si by two orders of magnitude. Furthermore, ȕ-FeSi2 can absorb lights 
in infrared region because its band gap is about 0.85 eV [1]. From an ecological point of view, ȕ-FeSi2 consists of Fe 
and Si which are resource-rich elements, and ȕ-FeSi2 is almost harmless to the environment and human bodies. Iron 
silicide has many phases, such as Į-, ȕ-, Ȗ-, İ-, and so on. Therefore, investigating the relationship between process 
conditions and phase transformation from İ-FeSi to ȕ-FeSi2 is useful to obtain single phase ȕ-FeSi2.
In this study, FeSix films were deposited on Si (100) substrates using RF sputtering which is a simple method 
among various deposition methods; and phase transformation from İ-FeSi to ȕ-FeSi2 in RF-sputtered FeSix films 
were investigated. 
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2.  Experiments 
The FeSix films were deposited on Si (100) substrates by RF sputtering with an FeSi2 target of 3N grade. The RF 
power of 100 W was applied and the pressure of Ar sputter gas was kept at 0.47 Pa during sputtering. The distance 
between substrates and the target was set to 30 mm in this study. Post-annealing at 400-900°C was carried out in a 
quartz furnace in Ar ambient. Deposition conditions are listed in Table I. Characterization of the crystal quality of 
the films was performed using XRD measurements. The thickness of the film can be calculated numerically using 
the results of reflectance and transmittance measurements.  
Table I  Deposition condition. 
3.  Results and Discussion 
Figure 1 shows annealing temperature dependence of the XRD spectra for the films deposited with condition A. 
The annealing time was 1 h for all cases in Fig. 1. The thickness of the film annealed at 900°C was 86 nm. In all 
spectra, a Si (311) peak was observed at 56° which corresponds to the diffraction from the silicon substrate. In Figs. 
1-4, closed circles and open squares denote the peaks of ȕ-FeSi2 and İ-FeSi, respectively. As shown in Fig. 1, the 
film annealed at 900°C was completely transformed to ȕ-phase although the films annealed at temperatures under 
800°C contained both İ-FeSi and ȕ-FeSi2. These results indicate that Fe atoms were diffused into Si substrates to 
form ȕ-FeSi2 by annealing at 900°C and that Fe atoms were not fully diffused by annealing at temperatures under 
800°C.
Figure 2 shows annealing temperature dependence of the XRD spectra for the films deposited with condition B. 
The annealing time was 1 h for all cases in Fig. 2. Even though annealing at as high as 900°C was performed, the 
films contained both İ-FeSi and ȕ-FeSi2. The formation of İ-FeSi may be attributed to the substrate heating at 300°C.   
Fig. 1  Annealing temperature dependence of the XRD spectra for the FeSix films deposited with condition A. 
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Fig. 2  Annealing temperature dependence of the XRD spectra for the FeSix films deposited with condition B. 
Gomoyunova et al. reported that İ-FeSi was formed after annealing at 250°C in the sample of 50 Fe ML deposited 
on Si at R. T. [2] Depositing at 300°C may lead to form the bonds of İ-FeSi in the films during sputtering and the İ-
FeSi bonds may result in forming İ-FeSi which hardly transforms to ȕ-FeSi2 during annealing. 
Figure 3 shows annealing temperature dependence of the XRD spectra for the films deposited with condition C. 
The annealing time was 1 h for all cases in Fig. 3. In this figure, deposition time was 3 min in order to investigate 
the presence of İ-FeSi bonds at the initial stage of the deposition. As shown in Fig. 3, no peaks of İ-FeSi were  
Fig. 3  Annealing temperature dependence of the XRD spectra for the FeSix films deposited with condition C. 
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observed in the as-deposited film. The film annealed at 800°C was completely transformed to ȕ-phase. This indicates 
that the Fe atoms left from the İ-FeSi bonding were easily diffused into Si substrates with the decrease of the 
thickness of the films. 
Figure 4 shows annealing time dependence of the XRD spectra for the films deposited with condition B. The 
annealing temperature was 900°C in both cases. As can be seen in Fig. 3, thin FeSix films were completely 
transformed to ȕ-phase after annealing at 800°C for 1 h. Therefore, the thick FeSix films may be transformed to ȕ-
phase by long time annealing at 900°C. As shown in Fig. 4, the intensity of İ-FeSi peaks became weak and that of ȕ-
FeSi2 peaks became strong in the sample annealed for 10 h. This result suggests that İ-FeSi was transformed to ȕ-
FeSi2 in RF sputtered FeSix films. 
Fig. 4  Annealing time dependence of the XRD spectra for the FeSix films deposited with condition B. The annealing temperature  
was 900°C. 
4.  Conclusions 
In this study, the FeSix films deposited at R. T. for 30 min were completely transformed to ȕ-phase due to 
annealing at 900°C for 1 h. On the contrary, the FeSix films deposited at 300°C for 30 min contained both İ-FeSi and 
ȕ-FeSi2 by annealing at 900°C for 1 h. The FeSix films deposited at 300°C for 3 min were completely transformed to 
ȕ-phase due to annealing at 800°C for 1 h. For the FeSix films deposited at 300°C for 30 min, İ-FeSi transformed to 
ȕ-FeSi2 in RF sputtered films due to long time annealing of 10 h. It can be concluded that high-temperature and 
long-time annealing is necessary for the İ-FeSi bonds in the FeSix films to decompose and for the Fe atoms to be 
diffused into Si substrates leaving only ȕ-phase FeSi2 in the films. 
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